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Non-technical summary
This paper investigates the extent to which the Fukushima Daiichi nuclear disaster of March 2011 has had an impact on the private demand for climate protection in Germany. On March 11, 2011 the Tohoku earthquake and subsequent tsunami hit Japan and the Fukushima Daiichi nuclear power plant. Within a few days, the nuclear power plant went in to melt down and released radioactive material into both the air and the ocean. The Fukushima Daiichi nuclear disaster sparked a worldwide discussion about the use of nuclear energy and the security of nuclear power plants. However, despite having major humanitarian and environmental consequences, can the Fukushima Daiichi nuclear disaster impact the private demand for climate protection in Germany?
Immediately following the disaster a debate about the use of nuclear power started in Germany. As a consequence of the disaster, the German government decreed an out phasing of nuclear power plants. This significant change in German energy policy will ceteris-paribus result in an increase in national CO 2 emissions as Germany abstains from one carbon free technology. Therefore, in order to ensure the same national CO 2 emissions the change in German energy policy implies a higher private willingness to contribute to climate protection.
Another argument is that climate change is a potential driver of extreme weather events which could become a factor causing future nuclear disasters. Therefore, the increased awareness of nuclear disasters, as a direct result of the events in Fukushima, could also influence the willingness to contribute to climate protection.
Data for the demand for climate protection in this paper are taken from two framed field experiments conducted in Mannheim, Germany, before and after the disaster. Within both experiments subjects had the opportunity to invest in climate protection by purchasing and withdrawing permits from the European Emission Trading Scheme (EU ETS) using their own disposable income.
We find that the individual demand for climate protection among a sample of the residential population of Mannheim has changed significantly between March 2010 and December 2011.
The demand for climate protection identified in the experiment following the nuclear disaster is significantly higher than in the experiment before the disaster. We conclude that individuals who wish to guarantee a certain level of national climate protection or who are aware of potential consequences of climate change for extreme weather events increased their private willingness to contribute to climate protection. Data are taken from two framed field experiments (Löschel et al. 2013a, b) conducted before and after the disaster. We find that the demand for climate protection in the experiment after the nuclear disaster is significantly higher than in the experiment before the disaster. 
Das Wichtigste in Kürze

"The events in Japan mark a turning point for the world." ("Die Geschehnisse in Japan sind ein Einschnitt für die Welt.") German Chancellor Angela Merkel as a reaction to the Fukushima Daiichi nuclear disaster, March 2011
Introduction
The aim of this paper is to investigate the extent to which the Fukushima Daiichi nuclear disaster has had an impact on the real private demand for climate protection in Germany.
On March the German government has clearly decided to abstain from a carbon free technology. One significant result of this change in German energy policy is the inevitable increase of national CO 2 emissions. We argue that people who are unsatisfied with the CO 2 emissions related consequences of the change in German energy policy, i.e. the phasing out of carbon free nuclear power and their partial substitution with fossil fuel-based coal and gas power plants, may increase their private contribution to climate protection in order to counteract the increase in national CO 2 emission levels. In order to ensure the same national CO 2 emissions, the change in German energy policy implies a higher private willingness to contribute to climate protection.
Another argument is that climate change is a potential future driver of nuclear disasters and that the increased awareness of nuclear disasters could therefore influence the willingness to contribute to climate protection. Climate change could be responsible for increasing the likelihood of extreme weather events such as floods, storms, and droughts (e.g., IPCC 2007), which are, in turn, serious threats for nuclear power plants (e.g., International Atomic Energy Agency 2012). Furthermore, climate change could also increase the likelihood of conflicts and nuclear wars (e.g., Scheffran 2009). Therefore, the increased awareness of nuclear disasters, driven by the events in Fukushima may result in the increase in the demand for climate protection in order to mitigate climate change and decrease the likelihood of future nuclear disasters.
Data used in this study relating to the demand for climate protection are taken from two framed field experiments (Löschel et al. 2013a, b) conducted in Mannheim, Germany before and after the Fukushima Daiichi disaster. During each of the experiments, subjects were given the opportunity to invest in climate protection from their own disposable income by purchasing and withdrawing permits from the European Emission Trading Scheme (EU ETS).
We find that the demand for climate protection in the experiment following the Fukushima Daiichi nuclear disaster is significantly higher than in the experiment before the disaster.
Specially, results showed that those participants who were, in principle, willing to invest into climate protection bought significantly more permits in the experiment following the disaster than previously observed.
Experiments
Both experiments referred to herein took place at the Centre for European Economic Research (ZEW) in Mannheim, Germany and were conducted using participants that had been recruited from the residential population of Mannheim. The first experiment (I) was held in March 2010 and the second experiment (II) in December 2011. In both experiments, an incentive compatible market mechanism was used to elicit participants' real demand for climate protection. Participants received a participation fee of €40 and were given the opportunity to invest it in climate protection by buying and withdrawing permits from the EU ETS. Each participant was confronted with a set of different prices for permits equating to 100kg CO 2 .
Prices ranged from between €0.20 and €5.00 per 100kg CO 2 . Thereafter, each participant was asked to indicate the quantity of permits he would be willing to buy at each of the given prices. Finally, one price was randomly selected and the transaction was carried out at the corresponding price. Following the completion of the testing phase, the total quantity of permits were purchased and subsequently withdrawn from the EU ETS. Both experiments were subject to four different treatment variables: baseline, reputation, information, and collective 1 .
Figure 2: Demand Behaviour
Note:
The horizontal axis represents the purchased amount of CO 2 in kg and the vertical axis the cumulative fraction of participants who are willing to buy an amount greater than the corresponding figure.
Demand for Climate Protection and Pool of Participants
Participants were recruited following a random distribution of approximately 6,000 letters of invitation in Mannheim, Germany. In total, 360 participants took part, 200 in experiment I and 160 in experiment II. Figure 2 summarises the participants' demand behaviour. In both experiments, the demand for climate protection is characterised by a right skewed distribution. Only in 43 per cent of all observations were participants willing to buy and withdraw permits from the EU ETS. Nevertheless, there is a non-negligible amount of outliers at the right tail of the distribution and the overall demand ranges from 0kg to 10,000kg CO 2 with a median amount of 0kg and a mean of approximately 340kg CO 2 . Furthermore, we find that the demand for climate protection increased between experiments I and II. The number of observations in which participants were willing to buy and withdraw permits from the EU ETS increased from 37 per cent before the disaster to 62 per cent after the disaster. a: Education: 1 (0) have at least a high school graduation or a professional training (others). b: Income: 1 if household income is ≤1k€, 2 if 1k€ < income ≤ 2k€, 3 if 2k€ < income ≤ 3k€, 4 if 3k€ < income ≤ 4k€, 5 if 4k€ < income. Table 1 exhibits participants' socioeconomic characteristics as well as their attitudes and beliefs towards climate protection. Participants' covered all age ranges from 18 to 75 years, whilst the average age of respondents was recorded to be 42 years old. Furthermore, 52 per cent of all participants were female and approximately 20 per cent of all participants stated that children lived in their households. Approximately 90 per cent stated that they had at least a high school certificate or professional training and the households' average income ranged from between €2,000 and €3,000 per month. Furthermore, 27 per cent stated that they would vote for the "green-party" if federal elections were held next Sunday. Nevertheless, only 6 per cent of all participants stated that they are "very well informed" about climate change and only 15 per cent that they were "very concerned about climate change". That said, however, 70 per cent of all participants were convinced that their own behaviour had an influence on climate change and 88 per cent were convinced that there was still a need to fight climate change. Furthermore, only 8 per cent stated that "the government is solely responsible for measures against climate change". Participants in both experiments did not differ significantly with respect to their socioeconomic characteristics or the majority of their attitudes and beliefs towards climate change. Only the amount of participants who stated that the government is solely responsible for climate protection decreased significantly from 11 per cent in experiment I to 4 per cent in experiment II 3 .
Econometric Methodology
The econometric difficulty of our aim, to test the extent to which the Fukushima Daiichi nuclear disaster has had an effect on the demand for climate protection, lies in the distribution of the demand for climate protection; Q. Q is zero in a nontrivial fraction of observations and the remaining observations are roughly continuously distributed about strictly positive values.
Therefore, a two-step estimation procedure, as suggested by Heckman (1979) , is used. It is based on two decisions: a participation and an amount decision.
The participation decision is given by ( * ) and estimates the binary decision of whether or not participants are willing to buy and withdraw permits from the EU ETS. The amount decision,
given by equation ( * * ) estimates the decision of how many permits to buy and withdraw given that demand is strictly positive. Furthermore, the unobserved correlation between both decisions is given by . Note that a simple OLS regression of only strict positive observations on a set of independent variables in the amount decision would lead to inconsistent estimators if there is any unobserved correlation between the participation and amount decision. In order to avoid inconsistent estimates in the amount decision, the inverse Mills ratio has to be estimated based on the results of the participation decision and be included as an additional independent variable in the amount decision. The inverse Mills ratio is given by
, where (•) and Φ(•) are the density and cumulative distribution function of a standard normal distributed random variable (e.g., Green 2003) . Finally, we derived a set of price-quantity observations for each participant. Therefore, in all regression models a panel specification with random effects on subject level is used and clustered standard errors are allowed for.
Results
Table 2 summarises our main results. Model (1) contains the results of the binary participation decision. In order to allow for an appropriate interpretation, the average marginal effect (AME) is calculated in addition to the regression coefficients. Model (2) contains the amount decision 4 .
Since the null hypothesis that there is any unobserved correlation between the participation and the amount decision (that is equal zero) cannot be rejected, it seems to be plausible to estimate the amount decision by means of an OLS regression of the quantity demanded on the independent variables, given that the demand is strictly positive (e.g., Wooldridge 2006).
These results are given in model (3). After controlling for participants' demographic and socioeconomic characteristics as well as their attitudes and beliefs towards climate change and the different treatments we find that the timing of the experiments (Experiment II) had a significant impact on the demand for climate protection. The demand for climate protection is significantly higher in experiment II than in experiment I. Given that the demand is strictly positive, the demand increased in experiment II by approximately 40 per cent.
Moreover, whilst the timing of the experiment clearly influenced demand behaviour, so too did the price of the permits, participants' demographic and socioeconomic characteristics, and attitudes and beliefs towards climate change. The price of permits has a significantly negative impact on the demand of climate protection. Given that the demand is strictly positive, the price elasticity of demand is estimated to be approximately -1. Furthermore, participants' socioeconomic characteristics such as their age and disposable income influence the demand for climate protection. Demand decreases with age and increases with disposable income.
Participants' attitudes and beliefs towards climate change also influence their demand.
Participants who are concerned about climate change, feel responsible for it, and are convinced that there is still a need to fight climate change, have a significantly higher demand. increased their private willingness to contribute to climate protection in order to counteract the increase in national emissions due to the nuclear phase-out in Germany. This is consistent with the finding that the amount of participants who were convinced that the government is solely responsible for climate protection decreased significantly by 7 per cent between the two experiments. Another possibility is that the increased awareness of nuclear disasters raised the private willingness to contribute to climate protection in order to mitigate climate change and decrease the likelihood of future nuclear disasters caused by extreme weather events.
